INSULATING PANEL, MANUFACTURING PROCESS AND USE 



The inventiQii concerns insulating panels of given fonn, a manu&cturing 
process fox such panels and their use. 

Many sectors of economic activity require insulating panels produced at 
low cost. For example, thermal insulation properties of panels used for roofing 
or for various partitions are essential in the building and civil engineering 
sectors. The same applies to Ifae transport, refrigeration and ofher sectors. It is 
known to integrate an assembly system into these panels in order to allow them 
to be assembled with a similar complementary panel. 

In numerous situations (in the vicinity of motorways, airports, noisy 
machinery, etc.), acoustic insulation properties are sought in addition to thermal 
properties. A known method of maximising these properties is to insert a seal (or 
several seals) between two complementary panels during their assembly. 
However, a drawback frequentiy encountered with such a system involves 
deterioration and/or tearing of the seal during use and especially during cleaning 
of the assembled structure, for exan^le by high-pressure cleaning. 

The present invention is specifically aimed at overcoming this drawback of 
systems of the prior art, by providing insulating panels fitted with a reliable, 
watertight, quick and simple assembly system, resistant to the different cleaning 
methods used and, in particular, to high-pressure cleaning. Moreover, these 
panels are easy to manufacture and assemble. 

Accordingly, the invention concerns an insulating panel including an 
integmted assembly system allowing the said panel and at least one 
complementary panel to be assembled in at least one dimension in space, the said 
panel and its assembly system being of a form that, when the said panel and 
complementary panel are assembled, they delimit with their assembly system at 
least one cavity suitable for housing a seal, the said cavity widening at least 
partiy towards the inside of the panel. 

The panels according to the present invention are essentially flat The 
word "essentially" refers particularly to cases in which the panels have a textured 
sur&ce. Depending on the implementation methods, tiie panels may be 
somewhat fl^ible, allowing them to be bent when used. 
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The surface of ttie insulating panel according to the invention may feature 
different textures. This texturing can comprise well-known forms of corrugation 
(rounded, greca-shaped, etc.) or any periodic shape obtainaible by hot-forming 
techniques. It is effectively known tiiat such texturing increases the rigidity of 
S the whole panel. In the case of multilay^ panels, every combination of Hds 
texturing is possible for the di£ferent layers and, in particular, for the external 
layers. For example, two greca-shaped cormgations or one greca-shaped 
corrugation and one thermofoxmed textured surface can therefore be combined. 
It is also possible to use layers with a flat extemal surfece and a textured, for 

10 example ribbed, internal surface or even the reverse configuration. 

The panels according to the invention are mainly (i.e. predominantly by 
weight) made of insxilating material(s) such as wood, plastics, etc., which does 
not exclude a part of these panels being made of non-insulating material such as 
metal, for example. Preferably, however, the panels according to flie invention 

IS are mainly made of plastic. It is most particularly preferable that the panels 
according to the invention are multilayer panels with an expsnded plastic core 
incorporated between two layers of non-expanded material, which may be 
plastic, wood and/or metal. Preferably, the extemal layers are eitiier both made 
of non-expanded plastic or one is made of non-expanded plastic and the other is 

20 made of a metal such as steel, aluminium, etc. 

Selection of a panel witb an expanded core is particularly preferred as it 
enables, in particular, a light, flexible, easy-to-assemble structure to be obtained. 
A panel with a cellular ("honeycomb") core, which also provides this 
lightness/flexibility, can be equally or altematively envisaged. 

25 By ''expwided" plastic is meant a plastic whose density has been reduced 

by the inclusion of additives known as "foaming agents". Such additives are 
well known in plastics technology. They can be of various types and are often 
grouped into two fiimilies: chemical foaming agents and physical foaming 
agents. They can also be mixed. Information on this subject can be found in 

30 many technical publications. The density reductions vary widely according to 
the foaming agent and the quantity used. A very suitable plastic is one whose 
density has been reduced by more than 5%, even by more than 10%, with respect 
to its value without foaming agents under identical temperature and pressure 
conditions. 

35 By "non-expanded" plastic is meant a plastic whose density is close to its 

value without foaming agents under identical temperature and pressure 



conditions. It may or may not contain foaming agents but, when it does, the 
quantity thereof must be small or it is necessary for the foaming agent action to 
have been prevented, for exan^le by applying pressure. A very suitable plastic 
is one whose density has been reduced by less than 5%, or possibly even by less 
than 10%, with respect to its value without foaming agents under identical 
temperature and pressure conditions. 

In the multilayer panels according to this alternative embodiment of the 
invention, the transition between the expanded layer and the non-eaqpanded layer 
may be sudden, in other words there is a direct change from the expanded plastic 
density to the non-expanded plastic density. Depending on the manufacturing 
technique used, the transition may also be more gradual and feature an 
intermediate density zone. This will often be the case when both the expanded 
and non-expanded layers are made of the same material, tiie material e^ansion 
being limited to the expanded layer due to the implementation conditions, 

A wide range of plastics is currently available for making foams: 
polyethylene, polypropylene, polyvinylidene fluoride, polyurethane. 
Polyuretiiane foam is prefeired because of its qualities of adherence to many 
substrates (plastics, metals, wood, etc.), its ease of implementation and its 
moderate cost. 

The layers of non-expanded material, when they are polymeric, can be 
made of polyethylene, polypropylene or PVC, to mention only what are called 
commodity polymers. PVC is nevertheless preferred in view of its extensive use 
particularly in the building sector and for which there are grades with good 
resistance to fire, to weathering and to solar radiation. Flexible or rigid PVC can 
be used depending on chrcumstances. These two materials can also be very 
advantageously combined, a non-expanded layer being made of flexible PVC 
and the other being made of rigid PVC. Use of flexible PVC for the external 
layer (the layer that is exposed to the weather) permits e^qploitation of Ibe 
renovation possibilities offoted by flexible PVC membranes. The y/bole panel 
would not need to be replaced during renovation. Covering it with a new 
membrane layer using well-known techniques for these products would be 
enough. 

The rigid PVC layer placed on the inside of the panel ensures good panel 
rigidity. 

In a preferred method of inq)lementation for multilayer insulating panels 
according to this embodiment of the invention, the e^anded plastic core is made 



of polyurethane and tiie two layets of non-expanded material are made of 
flexible PVC and/or rigid PVC and/or metal. Preferably, rigid PVC is used for 
both layers. Selection of such materials allows panels according to the invention 
to be easily manu&ctured and, in particular, their extmial layers to be easily 
folded (see details of preferred processes hereafter). 

According to circumstances, an adhesive may be required to ensure 
adhesion between the different panel layers, if need be. It can form a separate 
layer between the expanded and non-expanded layers or else be an integral part 
of these layers. Alternatively, as explamed hereafter, an injected/foamed 
(e?q?anded) plastic core can ensure adherence between the different panel 
components when this is used. In particular, this core can be advantageously 
injected between the other panel components (extemal layers, assembly system) 
after these have been suitably preset using a jig (see hereafter). 

In this alternative embodiment of the invention, the non-expanded layers of 
the panel may or may not be reinforced by any well-known technique (for 
example glass or polyester fibres or fabrics). They can include any type of 
additive, well known in plastics technology, for inrproving certain properties 
(such as impact resistance, fire resistance, etc). They may also have been 
subjected to surface treatment or even have been coated or covered with extemal 
layers, for example thin protective layers, in particular solar radiation protection 
coatings. Alternatively, in a preferred embodiment, at least one of these layers is 
based on an oriented plastic, and in particular a biaxially oriented plastic. Two 
extemal layers made of biaxially oriented plastic give good results in certain 
applications. The purpose of these thin layers may also be decorative. 

According to the invention, the panels feature an integrated assembly 
system. This means that the parts constituting the system are already 
incorporated in the panel before it is fixed to other panels. Additional separate 
parts are therefore unneqessary and assembly can thus be rapid and simple. 

The integrated assembly system can, for example, be made of metal 
(alimiinivim in particular), plastic, etc. Plastics are preferred Given the low 
thermal conductivity of these materials, heat bridges are thereby effectively 
avoided hideed, in the thermal insulation field, it is well known that one, even 
small, structural component with a high thermal conductivity can degrade the 
insulation properties of the whole stmcture. 

The assembly system according to the invention is generally made up of 
two con[q>lementary sections, which are either "male" and "female" type sections 
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or two identical sections sh^ed such that fliey interlock. This latter alternative 
embodiment is preferred because, in particxilar, it allows panel manu&cturing 
costs to be reduced. Sections with a general "S" shape are very suitable. This 
type of section, in particular associated with an expanded core panel, in fact 
S provides a degree of assembly flexibility (torsion possible between sections 
when assembling panels). 

In general, any type of section shaped such fhat two complementary 
sections, when assembled, are interdependent over a large part of fheir surface 
area (excluding obviously the place forming the cavity intended for the seal) is 

10 suitable. Thus, the shape of these sections is preferably such that they are 

interdependent over at least 1/2 and even over at least 3/4 of their surface area. 
As a result, the depth of each cavity (delimited by this system with a 
complementary panel and its assembly system) does not exceed preferably 1/4, 
even 1/6, or most particularly 1/8, of the panel depth. 

1 5 Most complementary panels are preferably similar. However, in certain 

applications, it may turn out to be useful to produce "exceptional" 
complementary panels featuring only one of the two parts at just one or both of 
their ends. Some panels may even include complementary parts of the assembly 
system at more tban two of their ends. The complementary panels may also be 

20 comer, edge or connecting panels. For the sake of simplicity, it will be 
understood that reference is hereafter made to a panel featuring two 
complementary parts of flie assembly system at two of their opposing ends. 

In a preferred altemative embodiment, the panel assembly system 
according to the invention comprises two identical plastic sections located on 

25 either side ofthe panel in a lengthwise direction. In this altemative embodiment 
of the invention, "identical" sections mean separate sections of identical shape 
and such that they are interlockable and capable of delimiting the cavity 
according to the invention, in conjunction with the panels. By panel "length" is 
meant the dimension parallel to the leaf and section extrusion direction. By 

30 "interlockable" is meant "cq>able of being made interdependent over a large part 
of their sur&ce area" as previously described. The aim is to create cavities 
whose size is exacfly suited (equal) to tiiat ofthe seals intended for inclusion 
therein, preferably by instantaneous injection of material. This sealing method is 
effectively highly practical and efficient 

35 The notion of section is well known in engineering (parts geometrically 

defined by translating a 2-dimensional outline). However, according to the 
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inventioii, tbe sections can possibly also include additional periodic patterns such 
as notches or protuberances (rein&rcing ribs for example) arranged at regular 
spacing along the section. The section can comprise a part produced separately 
fiom other panel componCTts and assembled during panel manu&cturing. It can 
S also comprise the ends of the non-expanded material layers. 

The panels according to the invention are intended for assembly in at least 
one dimension in sfpace. The word "dimension" is here meant in the geometrical 
sense, namely pairs of perpendicular directions: a plane has two dimensions and 
a space has three dimensions. When the panels are assembled in one dimension, 

10 this dimension is that perpendicular to the panels. When the panels are 

assembled in two dimensions, these dimensions are the dimension perpendicular 
to the panels and the dimension perpendicular to the assembly system. The 
panels are then assembled such that they can neither be separated one ftom the 
other, nor raised with respect to each other in the dimension perpendicular to the 

1 S plane of the panels. 

In an alternative emibodiment of the invention, the sections are groove- or 
rib-shaped and feature a self-tightening cam, in other words a device that 
prevents the panels from separating when assembled, but nevertheless so 
designed to allow the panels to be disassembled if necessary. One end of the 

20 panel features the rib (the "male" side), whilst the opposite end features the 

groove (the "female" side). Penetration of the rib into the groove assembles the 
panels in the dimension perpendicular to them. The self-tightening cam prevents 
separation of the panels when assembled, either simply by its shape or by the feet 
that it features a reversible clipping device. The latter altemative embodiment is 

25 preferred. 

In an altemative implementation of the mvention, the integrated system 
allows the said panel and at least one other complementary panel to be 
assembled in the three dimensions in space. When the assembly system 
comprises sections featuring grooves, ribs and self-tightening cams, assembly is 

30 achieved in the third dimension by providing the sections with the 
abovementioned additional periodic patterns. 

In another altemative embodiment, preferred for its simplicity, the 
integrated system only allows assembly in one dimension in space and, if 
necessary, other means ensure overall assembly of a three-dimensional structure 

35 made fiom panels according to the invention. 



According to the invention, the ends of flie panels are shaped such tiiat, 
when two complem^tary panels are assembled, they delimit with their assembly 
system at least one cavity suitable for housing a seal. This cavity is preferably 
adjustable, in oflier words its size can be adapted not only during panel 
manufecturing, but also during assembly of complementary panels (see 
hereafter). 

All shapes of cavity with at least one part widening towards the inside of 
tibie panel are suitable according to the invention. Cavities of generally 
trapezoidal shape are particularly suitable. In this way, the seal cannot be 
removed from its location, in particular by the action of a high-pressure jet 
applied to the panels for cleaning purposes, for example. By "trapezoidal" cavity 
is meant a cavity whose side walls describe, along with the perpendiculars to the 
panel surface around the periphery of the cavity, a non-zero angle preferably 
greater than or equal to 5% even 10** and even up to 20°. Assembly of two 
complementary panels, according to the invention, leads to the formation of at 
least one such cavity. Preferably, it leads to the formation of two such cavities, 
one on each panel face. Moreover and in general, the panels and their assembly 
systems delimit preferably, according to the invention, at least two cavities, one 
on each panel assembly face. In general, the seals used are such that they mate 
with the walls of the cavity or cavities and in such a way that, in particular, they 
mate substantially with the whole cavity so as to leave (virtually) no voids. This 
approach leads to an assembled structure that is particularly well sealed and 
insulating. In practice, it is easier to implement by instantaneous injection of the 
material forming the seal in the cavity than by usiag preformed seals. 

The invention also concerns a process for manufiacturing an insulating 
panel according to the invention as defmed hereabove, according to which an 
insulating panel of suitable shape is manufactured and that an assembly system, 
also of suitable shape, is fixed to this panel to obtain at least one cavity widening 
towards the inside of the panel once the said panel is assembled with a 
coinplementary panel. 

Many methods well known in plastics technology (extrusion, injection 
moulding, etc.), joinery (machining, etc.) and/or metallurgy (rolling, etc.) are 
suited to manufacturing the panel. 

For example, when the panel is made of plastic, it may have been extruded 
directiy in one piece using an extrusion (for single layer panels) or coextrusion 
(for multilayer panels) die, whose various segments are fed with the various 
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materials required (expanded, non-eixpanded, etc.). In this case, tiie extmded 
product must be cut periodicaUy at the die exit and possibly machined and/or 
thermofonned at its ends. However, this stage is difScult if vexy high-finish 
panels are sought 

S Moreover, in a preferred alternative implementation of the process 

according to the invention, the plastic forming the panel core is injected 
Particularly preferably, it is injected/foamed (e3q>anded). Ifthe panel is made of 
a single material, well-known "structured foam" techniques can be 
advantageously used. The abovementioned situation, in which the interface 

10 between Ifae expanded and non-expanded layers is of a "gmdual" type, then 
exists. In this connection, several well-known implementation methods are 
available for releasing the action of the foaming agent contained in the material 
only within the desired panel layer. The various panel layers can also be co- 
injected 

15 If the non-expanded plastic layers are produced separately, the assembly 

system sections can also be produced as separate parts or, on the contrary, they 
can be produced from one part with the non-expanded material layers (for 
example, by (duplicate) moulding or thermoforming their ends). Whatever the 
envisaged solution, it is important that the shape of the panel and/or of the 

20 assembly system be such that at least one cavity (preferably two), as previously 
defined, is obtained once two complementary panels have been assembled. 

Thus, in a preferred alternative implementation, the panel manufacturing 
process according to the invention includes the following stages: 
two non-e}q>anded plastic or metal leaves are manufactured along with two 

25 complementary plastic sections of the same length as the leaves (and the panel), 
featuring a folded section at each of their ends 

- two ends of the two leaves (those parallel to the panel lengfti) are folded in 
such a way as to obtain an acute angle between each fold and the remainder of 
the leaves 

30 - one of the two folded leaves is placed in a mould along with the two sections 
positioned with one end inside the folded ends of the leaf and held by jigs 
located laterally inside the mould 

- the second folded leaf is placed over the two sections such that its folded ends 
cover the other end of the sections and that an internal space is delimited by 

35 the two leaves and the two sections 

- expanded plastic is injected into the said internal space 



- the panel is extracted from tiie mould. 

By "jigs" is meant any device allowing the sections and leaves to be held in 
place during injection of the injected material and until extraction of tiie panel 
from the mould. 

In many cases, the effect of foam injection is to make the various layers 
adhere to each other. This panel manufacturing method is both simple and 
quick. 

Advantageously, the panel is kept under pressure for a time, depending on 
its thickness, between the moment of the injection of the expanded plastic and its 
extraction from the mould, in particular to ensure proper adhesion between the 
various structural components and to stabilize its dimensions during the injected- 
polyol reaction time. 

The leaves used in the process according to this alternative implementation 
of the invention are usually obtained by extrusion in the case of plastic leaves. 

Folding of tiie plastic and/or metal leaf ends parallel to the panel length can 
be performed by any suitable method, eitiher in line with their extrusion or off- 
line. Folding is advantageously performed using a roller folding machine, a 
device Imown to those skilled in the art both in plastics technology and 
metallurgy. 

In general, the folding angle is greater than or equal to 95*^, preferably lOO"* 
and even 1 10°. The length of the folded edge is preferably greater than or equal 
to 3 mm, even 5 mm, but less than or equal to 10 nam, even 8 mm. 

In this alternative implementation of the invention, the integrated panel 
assembly system may be produced by any known implementation method 
(moulding, ovetmoidding, thermoforming, compression moulding, extrusion, 
etc.). In particular, it is advantageously manufiictured by extmsion when it is 
made up of sections. If tiie sections feature additional periodic patterns such as 
notches or protuberances arranged at regular spacing, the extmsion die will be 
fitted with a moving device actuated periodically. In an advantageous alternative 
implementation (in particular due to its siniplicity and cost), identical extruded 
sections are used In a particularly advantageous altemative implementation, 
these sections feature at each of their ends (bottom and/or top, when the section 
is viewed in cross section through a plane perpendicular to its extrusion axis) a 
"folded" part of shape suitable for interlocking with the folded edges of the leaf. 
This folded part can be produced during section extrusion or be obtained by 
tiiemioforming, (over)moulding, folding etc. the section edge after extrusion. 
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An advantage of this process involves the fact of being able to adjust easily 
the length of the trapezium base and thus of being able to control fhe size of tbe 
seal when assembling the panels. In the case of seals injected after assembly, a 
large enough space is in fact required to be able to inject the said seal, but it roust 

S not be too large to avoid wasting sealant. These paramet e rs can vary depending 
on the op^tor, the type of panels, the sealants, etc. A practical way of 
encouraging this variability involves adjusting the gap between the sections and 
the leaf folds prior to injecting e?q>anded plastic. 

The present invention also concerns a process for assembling insulating 

10 panels as previously described, according to which two of these panels are 

assembled such that they delimit with their assembly system at least one cavity 
widening towards the inside of the panel and according to which a seal is then 
introduced into this cavity. 

The seal can be a seal produced before assembling the panels and inserted 

IS between them during the said assembly. Preferably, its sh^e is tiien such that it 
widens towards the inside of the panel and mates preferably with the cavity 
walls. However, flie seal is advantageously injected or overmoulded in the 
cavity after assembling the panels. Most particularly preferably, care is taken to 
completely fill the cavity with sealant to leave the least possible nmnber of vaids. 

20 The sealant can be made of any material preferably possessing elastomeric 
properties. A silicone sealant gives good results. 

An advantage of this process involves producing an assembled structure, 
which depending on a suitable choice of materials, is impermeable and fire 
resistant over its entire external surface area, without insulation loss where one 

25 panel has been assembled with another. 

Finally, the invention also concerns the use of a panel according to the 
invention as defined hereabove, in particular as an insulating lining or insulatuig 
self-standing structural wall for the storage of animal feeds or the construction of 
shelters. 

30 Thus, these panels can, for example, be used for a wide range of 

applications such as: construction of refiigerated warehouses, cold rooms and/or 
animal feed storage facilities; constmction of hospital operating theatres; 
production of goods vehicle bodies; insulation of swimming pools; constmction 
of lightweight low-cost dwellings, various shelters, etc, 

3S Moreover, the panels according to the invention are also advantageously 

used for storing animal feeds, building cowsheds, etc. and, in particular, wh^ 



wo 2005/033431 



PCT/EP2004/052407 



-11- 

lliese are insulating multilayer panels (in an advantageoxis embodiment detailed 
hereabove) preferably made of plastic and most particularly preferably made of a 
rigid PVC/PUR foam/rigid PVC combination. The excellent insulation 
properties, both fhetmal and acoustic, &e sealing capacity. Hie corrosion 

S resistance, the ease of assembly (and disassembly) and finally the economic 
character of the panels according to this altemative to the invention permit 
particularly conipetitive usage in these ai^lications. Furthermore, the assembly 
system ensures that the panels according to the invention preserve these 
properties during a long period of usage. 

10 Another advantageous field of application for the panels according to the 

invention involves manufacturing temporary shelters, sick bays, etc. in refugee 
camps for example. In particular, these panels can form the walls of an 
emergency package-delivered shelter as described in application WO 02/06121 6. 
In this case, the said walls are arranged on a transport pallet, wliich will be used 

IS as a floor in Hhe shelter. Again in this case, the altemative comprising insulting 
multilayer panels, preferably made of plastic (most particularly preferably made 
of rigid PVC/PUR foam/rigid PVC combination) is particularly advantageous. 

The present invention is illustrated without limitation by Figure 1, which 
represents (in cross section) an exanqple of two panels assembled according to 

20 the invention. 

These panels are identical and each comprise two rigid PVC leaves (1) (2) 
enclosing a PUR foam core (3) and two assembly sections located at each of 
their ends extending the full length of the panels (dimension perpendicular to the 
cross section), one of which is represented by panel (4 and 4'). The PUR foam 

25 (3) adhering to both the leaves (1) (2) and the section (4) ensures cohesion of the 
unit. 

The sections (4 and 4') are made of rigid PVC and are identical, but shaped 
such that they are interlockable. They each include two folded ends (5 and 6) 
suitably shaped to fit into two longitudinal folded ends (7 and 8) of the leaves (1) 
30 (2). They also each include stiffening ribs (9 and 9'). 

In the altemative embodiment represented, the left-hand and right-hand 
panels are assembled by straightforward translation parallel to fheir respective 
surfaces (in the direction of the arrows) so as to delimit two trapezoidal cavities 
(10 and 11), The base lengfli of these cavities (12 et 13) and therefore the size of 
3S the seals (not represented) is adjustable due to the positioning on the press table 
and the possibility of increasing or decreasing the play between points 6 and 8. 
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In Hds figure, it can also be seen that the shape of Hie sections and the flEict 
tiiiat Ihey are flexible allows a degree of torsion between them, which enables, in 
particular, play to be maintained at some points (even around the centre of tiie S), 
thereby facilitating assembly of the panels and possibly even of an arched 
S structure. 



